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SUMMARY 


The spanvMse loaiding has been computed,, by two different 
methods, on the wing of an airplane for which pressiire— distribution 
measurements were available from flight tests up to a Mach number of 
0.866. One set of the calculations was based on a generalized 
method of the lifting-line theory utilizing high-speed wind-tunnel 
data, while the other set employs an approximate semielliptical 
distribution. Hie comparison between the measured and calculated 
distributions has been made on the basis of equal winp^panel normal- 
force coefficients. 

To obtain a valid comparison it was necessary to consider the 
upfloat of the aileron which occurred at the higher Mach numbers. 

A fairly close agreement was obtained by both methods for these . 
conditions, especially at the highest values of CN considered. It 
was shown that, up to 0.366 Plach number, neglect of aileron upfloat 
in span load calculations might produce a more serious shift in the 
span load distribution than would occur from nonconsideration of. the 
compressibility effects on the section lift— curve slope and angle of 
zero lift. 


A great deal of consideration has been given to the accur-acy 
of computed span load distribution at high speeds due to the change 
in the distribution occin’ring at high Mach numbers. Recently, 
measurements of the wing pressure distributions have been imide on a 
jet-propelled airplane in flight up to a Mach number of 0.866 
(reference l). These data have given an opportunity for checking 
the accuracy of methods of computing high-speed span load distribu- 
tion. This report presents comparisons between measured span load 
and span load as computed by two methods. 
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In the first case the conp.arison was made "between measured sproi 
load distri"butions and calculated values, using the methoa of 
rSorence 2, a generalized method hy which the effects of compress- 
ihility and abrupt twist are treated by a process of 
approximations utilizing section data. The \;;; 

necessary' for this method of calculating span 
obtained from the results of tests in the Amos 1 y j /■'-• 
high-speed wind tvinnel. 

The second comparison was made between the measured distribu- 
tions and the calculated distributions based_ on tne i^tnod 
reference 3 . which assumes an approximate semiealiptic..! dx^tr.xbu 
tion of lift. 


AZ 

b 

c 

cn 


SYMBOLS 

airplane normal— acceleration factor (z/W) 

wing span, feet 

wing section chord, feet 

section additional lift coefficient 

section normal— force coefficient, 

r rt. ^ X ^'x', 1 


[ " (c-) J 

C*2M wing— panel bending-moment coeiiicient. 


. b 


n ^/2 


L 2SJ^ 




Cm Wing-panel normal-force coefficient. 
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Ck airplane normal— force coefficient (VAz/qS) 

M Mach number 

pl pressure coefficient , on lower surface of wing 

Pu prossvire coefficient on upper surface of wing 

q, dynamic pressure, pounds per square foot 
S wing area, square feet 

X chordwise location from loading edge, feet 

y spanwiso location from plane of s^anraetry, feet 

W airplane gross weight, pounds 

Z aerodynamic normal force on airplane, pounds 

6 a aileron control— surface defloction (positive trailing edge 
down), degroes 

(X angle of attack of airfoil section, degrees 

angle of attack of airplane thrust ajcis, degrees ' 

DESCEIPTIOK OF AIEPl.'Jffi Al® INS'TEUJEKTATION ' 

The airplane used in those flight tests was a turbo-jet-pr ope lied 
fighter. Fagui'es 1 and 2 are photographs of the airplane as instru- 
mented for flight. A three— view dnawlng showing tho spanwise' 
locations of wing pressxore orifices is presented in figure 3 . The 
basic dimensions of the airplane are presented in table I. The 
geometric twist of the wing is shown In figiire 4 . 

Standard KACA photographically recording insti-imients were used 
to record tho wing orifice pressures and other quantities during 
flight. A more complete description of tho inatrimic-ntation and 
acc’uracy of the experimental data mai be found in reference 1 . 

EESUITS AJ®- DISCTKSION 

The primary comparison made in this report is between the measured 
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distribution and the calculated distribution obtained using the 
method of reference 2. These calculations are based on a generalized 
method of applying liftin,g-line theory, using a series of successive 
approximations; that is, from the fundamental downvrash equatj.ons, 
a spanwise distribution of downv/ash angle is found for some initial 
assumed loading and, from the difference between the geometric and 
computed downwash angles at each station of the span, the effective 
angles of attack are determined. When the effective angles of 
attack are applied to each section lift ctur-ve, lift coefficients at 
each station are obtained which, when multiplied by'- the ratio of the 
chord at the station to the mean chord, define a new check distribu^- 
tion. As a second approximation, an assiunsd span loading is taken 
between the first approximation and the chock points. The process 
is continued until the check loading coincides with that from which 
it was derived. 

To enable the comparison to be mo,de on tho basis of equal wing- 
panel normal— force coefficients, it was necessary to compute the 
wing— panel normal— force coefficient variation with airplane angle of 
attn.ck. These calculations were made by the mc^thod.of reference 2, 
using the two-dimensional section da.ta obtained on the EACA 
65]_— 213(a=0.5) airfoil in the Ames 1— by 3—1/2— foot high-speed 
wind tunnel, (See fig. 5«) The calciolated variation of wing— panel 
normal— force coefficient with airplane angle of attack are presontod 
in figure 6. 

The results presented in figure 7 show the comparison between 
measured and calculated spaa load distribution for several values of 
Mach number end airplane normal— force coesff icients. In comparing 
the chordwise loading cnc at each individual spanwise station, 
considerable varis-tion between the ca.lculated, and m.easiirod loading 
will be noted at Mach mmibers above 0.60. 

An earlier report (reference l) on this same installation 
attributed a portion of the inboard shift in the spanwise load 
distribution measured in flight to the upfloating aileron which 
occurred in flight at. the higher I4ach numbers. For the calculated 
distribution shown in figure 7> no consideration was made for tho 
effect of -an upf loafing aileron. Extrapolating the section data 
sho-vm in figure for M = 0.8k, to tho aileron angles taken from 
reference 1 (sho\m in fig. 8) the span load distribution presented 
in figure 9 was computed and compared with flight results. 

Further comparison of the sectional loading was obtained by 
computing tho wing— panel bending- moment coefficient based on the 
bending moment about the 25— percent semispan station. To enable 
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the comparison to he based on the same wing area, it 'was necessary 
to extend the measiored data inboard from wing station 65 (2J.& percent 
semispan) to the center line of the fuselage. The errors involved in 
this extrapolation are thought to be small. Figure 10 compares the 
bending— moment coefficients for the measured and calculated distribu- 
tion as a function of Mach number and airplane normal— force coeffi- 
cients. This comparison indicates that the center of pressure for 
the calculated distributions at values of Cij of 0.2 and 0.6 is 
farther outboard than the center of. pressure for the measured 
distribution. By considering the effect of aii.eron deflection, points 
spotted on figure 10 at M = 0.84, better agreement is shown. The 
best correlation was obtained for an airplane normal— force coefficient 
of 0.60 at which time the aileron was floating 4° up. At the lower 
values of normal— force coefficient the effect of the upfloatlng 
aileron is not as noticeable. One explanation for this difference 
at the lower values of Cjvj is the possibility that the results from 
the small-scale model of the 1— by 3—1/2— foot high-speed wind-tunnel 
test indicated a lower v.alue of control— surface effectiveness at the 
low lift coefficients than at the higher values. 

To determine the necessity for using the method based on 
high— speed- tunnel data and to check the validity of using s, low- 
speed method, the distribution was calculated using the usual method 
of reference 3* This method is based on two assumptions. First, 
the additional loading coefficient ('ZgC /Ci^’ is a mean between the 
wing chord and a semiell.ipse having the same area as the wing, and, 
second, the basic lift distribution is a mea,n between the spanwise 
camber lift line and the geometric lift— coefficient distribution 
duo to angle of twist. Tho total distribution is the sum of the 
additional lift and basic lift distribution. In this method the 
aileron is treated as a case of an abrupt tvrist. No corrections 
are made for the effects of compressibility. 

In figure 11, a comparison is made between the results of the 
calculations performed using the two different methods. These 
comparisons indicate a fairly close correlation in all cases where 
the calculations wore made with an aileron angle of 0°. Hovrever, 
for the case shown in figure 11(c), 'idiero the calculations were 
corrected for an aileron deflection of 4° up, the bending moment 
calculated by the method of reference 3 is about 20 percent lower 
than the bending moment derived from reference 2. 

The data and calcifLations in this report- indicate that, for tho 
airplane under consideration, the effect, of aileron deflection is 
more critical from the standpoint of spanwise distribution than 
tho effect of compressibility on section lift-cur*vo slope and angle 
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of zero lift. In this particiilar case with the aileron deflected up, 
there is an inboard shift in the load thus causing a decrease in the 
bending moment; and it is apparent that neglect of the effect of 
aileron upfloat -in design calculations of loading would be conserv- 
ative. It is conceivable, however, that in some ca.se s wing and 
aileron characteristics might bo such as to cause a downwai-d deflec- 
tion of the aileron at high Mach numbers, thus producing greatei; 
bending moments. It is recommended, therefore, that calculations of 
spanwise loading at the higher Mach numbers include consideration of 
the effect of aileron deflection. In this regard it is apparent 
that research is necessary to provide methods for estimating aileron 
deflections at higlier Mach numbers. 


CORCLUDING REMARKS 

Over the Mach number range for which tests were made, it was 
shown in this particular case that considerable variation occurred 
between the section normal— force coefficient cn .as measured and as 
calculated where no deflection was considered. Tliis domonst.ratod 
the necessity of considering the aileron angle at high Mach numbers 
to obtain a correlation between measured and calculated distribu- 
tions. In this case better correlation was obtained between measured 
and calculated values of span load distribution at hi.gher airplane 
normal— force coefficients than at lower airplahe normal— force 
co.3fficients. Comparison of measvired and cjxlculatod values of span 
load distribution showed that the upfloating aileron had a greater 
effect on the span load distribution than changes in lift— curve 
slope and angle of zero lift due to compressibility. It is 
recommended that calc'ulations of spimwise loading at high Macli 
numbers include the effect of aileron deflections. 

The difference between the' ca,lculatcd distributions, using 
either reference 2 or 3t and the measured" distribution indicated 
by these results arc- within the accuracy of the prolimilnary design 
considerations. Hence, in this particular ’ case the simple method 
(reference 3 ) gave as good an agreement with test results as 
ro.forence 2 but involved approximately one— thi.rd the time ■■•:nd did 
not require additional tests to obtain airfoil— section data. 


Ames AoronauticeJ. Laboratory, 

National Advisory Committee for Aeromutics, 
Moffett Field, Calif. 
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TABLE I.- BASIC DIMENSIOEAL DATA OF TEST AIRPMJ'IE 


. Wing 

' i 
( 

Avoa, square feet 


Span, feet 

. 38.9 ' 

1 Boot chord, feet 


^ Tip chord, feet 

. J.333 ! 
1 

i Aspect ratio 

1 

j 

i Taper ratio , 


1 

; Mean aerodynamic chord, feet 

. 6*72 

f 

i 

1 Dihedral of trailing edge, degrees 

( 

. ?.83 

i Incidence, root chord, degrees 

I 


( 

j Incidence^ tip chords degrees . 

i 

O 

o 


Boot section 651—213^ a=0.50 

Tip section 65i— 213, a=C/;.0 


Percent line ctra'^ght 

! 

j Aileron 

. 52.0 , 

1 

Area aft of hingo lino (one side), square feet 

. 8.57 

i Span, foet (one side) 


Mean aerodynoraic chords feet 


' Einge— line locate’ on, percent chord 

. 75.0 ■ 


Tabs Trim tab on left aileron 
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Figure 1.— Three-quarter side view of the test airpleme 
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Fig. 2 



Figure 2.- Plan view of the test airplane 
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Fig. 3 
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Figure 3. ~ Three~viei^ drcLujin^ of th^ test o.irpLo,-ne. 



^ . — Geom&f/'/c fw/sf //? t/7& w/n^ of f/?e fesf a/rp/a/?*?. 


Fig. 4 NACA RM No. A7G17 
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Fig. 5 
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r/gure 5 S^c/-/on c/a/a on M<? A/ACA 6Si~2J3 (a =.S) 
a//'foJJ fro/T? /e^s/s /n //in Am^s 3-^ foo/- ///aASnenc/ 
W/ria Tunne/ . ^ 


'^/ny-ponef norma/- force coeff/c/e>n/^C^ 


Fig. 6 
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r/aurf e — CoJcu/af^d varioHon of -pan 

^normal -force coeff /c/erf wM airplane ang/e 
a//ack . 
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Fig. 7 b NACA RM No. A7G17 
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Fig. 7 d 
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Fig. 8 



.60 .66 .T'O .76 .80 .65 

Mach namher j M 


r /'gure 6 . — Var/af/or? of at/eron ancj/^ wi//? 
notrnbe’r for the fe>sf airp lone . 


Moch 


Cf/C, feet 



f/'c/ure’ 3 . — ComjoaK/son jbefy^een nj&a^urect ar?d catcu/afect spop/oad d/stnhut/ofj 
for Macb numder of 0.S4- i/sjn^ method of reference d. Aileron c/ef/ected . 
{see f/gTC:-) foy data Vfith ail&ron undeftecfed.) 
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W//7^-pan&/ bendz/y^-moment coeff/c/e^f ahou^ ^ se‘rr?/-spon 
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Fig. 10 



Mach /lumJb^t^ , M 


p~iqur^ /O . — VorJaf/oo of w/aq-pane! b^nd/ng -moment 
^ coef/Jc/ent about ^ sem/bpan W/th Mac/? namben ton the 
measured /ood/ng and the loading co/cutoted by method 
cf reference <P. 


Q> 



riaure // Compar/son between fhe span/oac/ chsfl^i bunions colculo^ed by 
//^(O /TT&fboc/s of 2 and 3 and //4e i<e>su/fs of f/jyhf fesfs. 
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Fig. 11 a NACA RM No. A7G17 
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-C'^^=0.046Q 
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40 50 

/^e>rc^/?7 chord 


h~/gfijrc’ // . — Conf//7t/cc/ . 


Ca/culafed ; Soshar Cf(ef.£) 
Colcu/ofod ; Schi'e>/jk(Ref.3) 
Measured 
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r/^ur^ //- — Co/7c/ade>d. 
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Fig. 11 c NACA RM No. A7G17 


